After intraperitoneal injections of 2·5% aqueous methylcellulose twice a week for IS weeks gerbils showed a mild haemolytic anaemia, heterophnia, lymphopenia and monocytosis. Many monocytes and a few lymphocytes had a foamy vacuolated cytoplasm. There was a sequestration of methylcellulose in the phagocytic cells of the spleen, liver, bone marrow and in other scattered foci, and consistent storage in the glomerular endothelium. Myeloid metaplasia was noted in the spleen, and splenic weights were markedly increased (P < O.OS);
After intraperitoneal injections of 2·5% aqueous methylcellulose twice a week for IS weeks gerbils showed a mild haemolytic anaemia, heterophnia, lymphopenia and monocytosis. Many monocytes and a few lymphocytes had a foamy vacuolated cytoplasm. There was a sequestration of methylcellulose in the phagocytic cells of the spleen, liver, bone marrow and in other scattered foci, and consistent storage in the glomerular endothelium. Myeloid metaplasia was noted in the spleen, and splenic weights were markedly increased (P < O.OS);
hepatomegaly was also present. The survival at the end of IS weeks was 60%. From this experiment, the gerbil is considered to be a potential model for a stimulated monocyte-macrophage system.
Following the use of the methylcellulose-injected rat (Palmer, Eichwald, Cartwright & Wintrobe, 1953) it is now possible to study the functions of the spleen in a laboratory animal during a period of established hyperactivity. Such rats show splenomegaly, haemolytic anaemia, leukopenia and otherwise fulfill the criteria for the syndrome of hypersplenism. The present study with methylcellulose-injected gerbils was designed to assess the potential of this species in its response to the experimental induction of methylcellulose-induced splenomegaly. The gerbil was chosen because its haematological profile has not yet been fully defined (Termer & Glomski, 1978; Smith & Glomski, 1977; Weeks & Glomski, 1978) , and because it is increasingly used in the laboratory.
Materials and methods 40 male Mongolian gerbils (Meriones unguiculatus)
weighing 60-80 g were used. 25 were injected ip twice weekly for 15 weeks with 0·8 ml of a 2·5% aqueous solution of methylcellulose (MC). The remaining 15 control animals were injected with an equal volume of physiological saline according to the same protocol. Blood samples were obtained 2-3 days after injection Received 27 August 1980 . Accepted 30 November 1980 of the polymer from the retroorbital sinus at the start of the study and at 4, 8, 12, 15 and 20 weeks. They were analyzed with an electronic counter to determine the leukocyte and erythrocyte counts, haematocrits, haemoglobin levels and erythrocyte indices. Dry-film blood smears were stained with May-Grunwald and Giemsa stains and subjected to a differential count of 200 cells. Platelet counts, derived by the standard haemocytometer technique, were performed on all animals prior to killing.
Erythrocyte survival was studied a week after the 15 week regimen of MC. 15 experimental and 14 control animals were anaesthetized with ether and injected ip Rosa & Glomski 
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* n = 25 at 4 weeks, ]5 at 15 weeks. t n = ]5 at 4 and 15 weeks. :!: ns no significant difference. § n = ]5 experimental and 13 control gerbils.
with 38 /-ICi of radioisotopic sodium chromate (Na 2 SICr0 4 ) solution (Mallinckrodt Nuclear, St Louis, USA) as previously described (Dillon & Glomski, 1975) . Blood samples were drawn 24 h after injection and every 4-6 days thereafter for a month. The StCr activity was quantitated in a well y-ray spectrometer. Erythrocyte survival times were derived by regression analysis.
After this the animals were anaesthetized, weighed and exsanguinated.
Complete autopsies were performed; the organs were weighed and portions of the liver, spleen, kidneys, adrenals, lungs, testes and femoral bone marrow taken for light-microscopic histological study after staining with haematoxylin and eosin, periodic acid-schiff (PAS), or by the Prussian blue reaction. Dry imprints of spleen and liver were stained with May-Grunwald and Giemsa stains. The data were analysed using Student's t test. were listless with dull and scruffy fur. 10 animals died during the period of injection ( Fig. I) , none during the 1st month but 2-3 each month thereafter. 3 died after having received 26 injections while 2 other animals had to be killed because they were moribund. 6 (24%) died in the month after the injections had finished.
Administration of MC was associated with a significant drop in haemoglobin by the end of the 1st month (14·3 g/dl compared with 15·5 g/dl in controls, P < 0·005). This anaemia increased in intensity and persisted throughout the course of the experiment, haemoglobin falling to II g/dl by 15 weeks. Erythrocyte counts and haematocrit levels decreased in parallel. Mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH) were reduced by the 12th week.
The total circulating leukocyte count in the experimental animals remained within the normal range of 8000-10000/mm 3 . However, differences were noted among the white cells (Table I) . The heterophils and monocytes showed significant elevations compared with controls or with their own initial levels (heterophils-initial 26 x 10 2 , final 54 x 10 2 cells/ mm 3 ; monocytes 3 x 10 2 and 13 x 10 2 cells/mm 3 ). Conversely, the lymphocyte count dropped, while basophils and eosinophils showed no consistent change. The platelet count was similar in control (730 ± 150 x 103) and experimental subjects (684 ± 405 x 10 3 ).
Examination' of stained blood films from treated animals revealed a significant increase in polychromasia of the erythrocytes and a greater frequency of basophilic stippling (Table 1) . By the 12th week of treatment approximately 50% of the gerbils also showed a moderate increase in anisocytosis and poikilocytosis. Occasional lymphocytes and numerous Rosa & Glomski monocytes had a foamy vacuolated cytoplasm (Fig.  2) , most frequently (60-65%) during weeks 4-8 of treatment, dropping to 13% by the 15th week. Vacuolated lymphocytes (8-10%) were observed only in the same early period, and not at all in controls or in baseline studies. The 'ICr halflife of autologous erythrocytes in experimental and control gerbils was 9·4 ± 2· 7 and 10·5 ± 1·1 days (Fig. 3) .
At autopsy of the treated gerbils the peritoneal surfaces of the abdominal viscera and abdominal wall frequently bore small discrete white nodules of MC and a diffuse, grey-white fibrous MC accumulation. Lymph nodes were not enlarged and abdominal organs were not grossly hypertrophied except for the spleens, 3 of which had, a month after cessation of treatment, reached 4, 7·5 and 15 g in weight. Mean splenic weight was 4·3 ± 5·7 g/100 g body weight {controls 0·11 ± 0·1 g/IOO g, P < 0·05. The corresponding weights for the liver of treated and untreated animals were 6· 5 ± 2· 7 and 4· I ± I· 3 g/100 g bodyweight respectively (P < 0·05).
The spleens of the surviving treated gerbils were grossly infiltrated with huge foam cells containing MC or its degradation products (Fig. 2) . In the spleen and elsewhere these were minimally reactive or negative to PAS. Many were diffusely positive to Prussian blue. The foam cells were arranged in clumps, and there were .also multinucleated foam cells and multinucleated giant cells whose cytoplasm was not vacuolated. The splenic architecture was disrupted and most individual Malpighian corpuscles were distorted. The capsules were grossly thickened by large sheets of phagocytic cells. Examination of stained dry imprints as well as the sections revealed myeloid metaplasia. Typically megakaryocytes, normoblasts in varying stages of development, and immature granulocytes were seen; they were rarely present in the controls. There were numerous plasma cells and mast cells which, again, were less numerous in control animals. Small clumps of single foam cells were scattered randomly throughout the liver (Fig. 2) , fewer than in the spleens. Kupffer cells containing particulate Prussian blue positive material were commonly seen in both normal and treated animals. There was no myeloid metaplasia. One gerbil had nodular granulomatous regions and occasional foci of heterophils in addition to the foam cell reaction.
The glomeruli of the kidneys of treated gerbils were grossly distorted and swollen due to Me in the endothelium or adjacent cells (Fig. 2) , and also in some interstitial cells. Some tubules were dilated while a few others were atrophic.
The adrenal glands exhibited a few foam cells at the corticomedullary junction, and care was necessary to distinguish them from the prominent, similarly vacuolated cells of the zona fasciculata in this species. Occasional foam cells were observed in the interstitial regions of the testes; similar cells could also be identified in the pulmonary alveolar septa.
Bone marrow sections were obtained from 8 of 9 gerbils that survived the treatment and erythrocyte survival studies, and in all cases where a significant marrow sample was obtained scattered individual or groups of foam cells were seen. Erythrophagocytosis was not observed.
Megakaryocytes, developing granulocytes and normoblasts were present. No disproportion of their relative numbers was identified.
Discussion
The methylcellulose-injected gerbil is characterized by splenomegaly, hepatomegaly, a mild haemolytic anaemia, heterophilia, monocytosis, lymphopenia and the generalized storage of the material in the cells of the mononuclear phagocyte system. Unlike the rat, the gerbil tolerates poorly the repeated injection of MC. In the present experiment, 40% of the animals had died by the end of the 15 week treatment period, while an additional 24% did not survive the following 3 weeks. The anaemia appears early in the course of treatment: by the 4th week mean haemoglobin levels had dropped 1·2 gldl, and they decreased an additional 3·7 gldl by 15 weeks. Increased erythrocyte polychromasia, elevated numbers of stippled erythrocytes, anisocytosis and normoblastosis of the spleen all support the concept of a mild haemolytic anaemia with attempts at compensation. An identical mechanism is accepted for the splenomegalic rat and mouse although even with this uniform response morphologic differences exist (Palmer et al., 1953; Stang & Boggs, 1977; Scheiffarth, Baenkler & Pater, 1971) . Hepatic haemopoiesis is observed only in the Me-treated mouse, while the presence of numerous circulating stippled erythrocytes is characteristic of gerbils but not other rodents (Stang & Boggs, 1977; Smith, Termer & Glomski, 1976; Teoh, 1961) . A decreased halflife of erythrocytes labelled with slCr has been observed for the rat (Machado, Lazzio & Lew, 1966) . A slight decrease was observed in the gerbils but this did not attain statistical significance. This was due in part to the labelling method used. Earlier studies (Dillon & Glomski, 1975) had indicated that, at least under normal conditions and with the use of appropriate mathematical adjustments, erythrocyte survival could be studied effectively in the gerbil by direct injection ip of the radioactive label. Unfortunately the kinetics of absorption, labelling and utilization of the isotope in animals with hepatosplenomegaly and polymer-coated peritoneal surfaces are not as predictable as they are in normal gerbils. Some support for this hypothesis can be inferred from the standard deviations observed in this experiment, 1· 1 days for the controls but 2·7 days for the splenomegalic subjects. The response of leukocytes to treatment with MC differs with species. The leukocytes of the peripheral blood in the gerbil showed significant heterophilia, monocytosis and lymphopenia. A slight increase in heterophils is observed in the rat (I5 weeks) with a greater increment in the mouse (4 weeks). An inconsistent lymphopenia has been described for the mouse (Stang & Boggs, 1977) , while the lymphocytes and monocytes are increased in the rat (Palmer et al., 1953) . The monocytes are of interest in this present study because they frequently demonstrated cytoplasmic inclusions, presumably of MC. This morphological expression is understandable in light of the view that the monocyte is the progenitor of many, if not all, cells of the monocyte-phagocyte system. These cells, therefore, may be the source of some of the foam cells noted in a variety of tissues.
The glomerular deposits typical of MC-treated animals were present in the gerbil. They were less than those found in the dog, and similar to those seen in the rat (Teoh, 1961; Weissman, Waldmann, Levin & Berlin, 1961) . This renal condition may interrelate with the splenic enlargement.
The spleen in the gerbil is thus the prime storage site of injected macromolecular inethylcellulose. 'Other organs containing large numbers of phagocytic cells, such as the liver and bone marrow, sequester smaller amounts of this material. The resultant anaemia can be readily understood on the basis of increased splenic destruction of erythrocytes during their passage among the active, polymer-laden phagocytic cells. The leukocytic alterations, other than possibly reflecting selective depression or reactive proliferation, are more obscure.
As a model for splenic hyperactivity, the methylcellulose-injected gerbil is more likely to be found of use in studies when the duration of injections is limited.
